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Abstract: PROBLEM TO BE SOLVED: To provide a device and method for measuring a line width in 
which the line width of a fine line-and-space pattern having a periodic structure can be easily measured. 

SOLUTION: In a line width measuring device for measuring a line width (e) of respective lines of a 
line-and-space pattern S having a plurality of lines arranged at a fixed pitch (d) in a fixed direction L, a 
polarized light Ujis incident on the pattern S, and the polarized state of the reflected light U 2 from the 

pattern S is measured, whereby the change amount of polarized state of the polarized light Ujcaused in the 

reflection by the pattern S is measured, and the line width (e) is measured on the basis of the change 
amount of polarized state. 
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(54) DEVICE AND METHOD FOR MEASURING LINE WIDTH 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device and method for 
measuring a line width in which the line width of a fine line-and-space 
pattern having a periodic structure can be easily measured. 
SOLUTION: In a line width measuring device for measuring a line 
width (e) of respective lines of a line-and-space pattern S having a 
plurality of lines arranged at a fixed pitch (d) in a fixed direction L, a 
polarized light U1 is incident on the pattern S, and the polarized state 
of the reflected light U2 from the pattern S is measured, whereby the 
change amount of polarized state of the polarized light U1 caused in 
the reflection by the pattern S is measured, and the line width (e) is 
measured on the basis of the change amount of polarized state. 
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CLAIMS 



[Claim 1] In the line breadth measuring device which measures the line breadth of the line of each above of the line 
which has arranged two or more lines in the fixed pitch in the fixed orientation, and a space pattern The line breadth 
measuring device which carries out incidence of the polarization light to the aforementioned pattern, and is 
characterized by measuring the variation of the polarization status of the aforementioned polarization light produced in 
case it reflects by the aforementioned pattern by measuring the polarization status of the reflected light from the 
aforementioned pattern, and measuring the aforementioned line breadth based on the variation of this polarization 
status. 

[Claim 2] the line breadth measuring device according to claim 1 characterized by carrying out incidence of the 
incident light which carries out incidence to the aforementioned pattern in parallel to the line rectangular cross flat 
surface which intersects perpendicularly with the line of each above 

[Claim 3] The line breadth measuring device according to claim 2 characterized by arranging a polarizer to the optical 
path of the aforementioned incident light, and carrying out incidence of the linearly polarized light to the 
aforementioned pattern. 

[Claim 4] The line breadth measuring device according to claim 3 characterized by measuring the variation of the 
aforementioned polarization status based on the azimuth of the neutral shaft of the 1/4 aforementioned wavelength plate 
in the quenching status of the flux of light which arranges 1/4 wavelength plate which can rotate to the circumference 
of an optical axis, and the analyzer which can rotate to the circumference of an optical axis in the order, and penetrates 
the aforementioned analyzer to the optical path of the aforementioned reflected light, the azimuth of the transparency 
shaft of the aforementioned analyzer, or its both sides. 

[Claim 5] The line breadth measuring device according to claim 3 characterized by measuring the variation of the 
aforementioned polarization status based on the azimuth of the transparency shaft of the aforementioned analyzer in the 
status that the quantity of light of the flux of light which arranges 1/4 wavelength plate which cannot be rotated, and the 
analyzer which can rotate to the circumference of an optical axis in the order, and penetrates the aforementioned 
analyzer to the circumference of an optical axis at the optical path of the aforementioned reflected light serves as the 
maximum or the minimum. 

[Claim 6] The line breadth measuring device according to claim 3 characterized by measuring the variation of the 
aforementioned polarization status to the optical path of the aforementioned reflected light based on the azimuth of the 
neutral shaft of the 1/4 aforementioned wavelength plate in the status that the quantity of light of the flux of light which 
arranges 1/4 wavelength plate which can rotate to the circumference of an optical axis, and the analyzer which cannot 
be rotated to the circumference of an optical axis in the order, and penetrates the aforementioned analyzer serves as the 
maximum or the minimum. 

[Claim 7] The line breadth measuring device according to claim 2 characterized by having arranged the analyzer which 
cannot be rotated to the circumference of an optical axis to the optical path of the aforementioned reflected light. 
[Claim 8] To the optical path of the aforementioned incident light, arrange a polarizer and 1/4 wavelength plate at the 
order, and inside [ this polarizer and 1/4 wavelength plate ] arranges any or one side possible [ rotation ] to the 
circumference of an optical axis at least. The line breadth measuring device according to claim 7 characterized by the 
quantity of light which penetrates the aforementioned analyzer measuring the variation of the aforementioned 
polarization status based on the azimuth of the transparency shaft of the member arranged free [ the aforementioned 
rotation in the status become the maximum or the minimum ], or a neutral shaft. 

[Claim 9] Arrange a polarizer to the optical path of the aforementioned incident light, and an analyzer is arranged to the 
optical path of the reflected light. Arrange one of the aforementioned polarizer and the analyzers to the circumference 
of an optical axis at the rotation impotentia, and another side is arranged possible [ rotation ] to the circumference of an 
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optical axis. The line breadth measuring device according to claim 3 characterized by the quantity of light of the flux of 
light which penetrates the aforementioned analyzer measuring the variation of the aforementioned polarization status 
based on the azimuth of the transparency shaft of the member arranged possible [ the aforementioned rotation in the 
status become the maximum or the minimum ]. 

[Claim 10] In the line breadth measuring method which measures the line breadth of the line of each above of the line 
which has arranged two or more lines in the fixed pitch in the fixed orientation, and a space pattern By preparing the 
known line breadth pattern for calibration, carrying out incidence of the polarization light to this pattern for calibration, 
and measuring the polarization status of the reflected light from the pattern for calibration as the aforementioned 
pattern The calibration process which measures the variation of the polarization status of the aforementioned 
polarization light produced in case it reflects by the pattern for calibration, and asks for the relation between the 
variation of this polarization status, and the aforementioned line breadth, By preparing the strange pattern for 
measurement of line breadth, carrying out incidence of the polarization light to this pattern for measurement, and 
measuring the polarization status of the reflected light from the pattern for measurement as the aforementioned pattern 
The line breadth measuring method characterized by having the measurement process which measures the variation of 
the polarization status of the aforementioned polarization light produced in case it reflects by the pattern for 
measurement, and asks for the line breadth of the aforementioned strangeness by the variation and the aforementioned 
relation of this polarization status. 



[Translation done] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the line breadth measuring device and 
technique of measuring the line breadth of the resist image with the periodic structure printed by the semiconductor 
aligner etc., and the line breadth of the etching image with the periodic structure which uses a resist image as a mask 
and is formed on a substrate by the etching method by the polarization analysis. 
[0002] 

pescription of the Prior Art] In the semiconductor manufacture process, the optimum exposure conditions and etching 
conditions are defined by measuring the line breadth of a resist image or an etching image about a huge number of 
samples created on various exposure conditions and etching conditions. The technique of measuring line breadth using 
the scattered light from the edge of technique, a resist image, or an etching image which processes a microscope picture 
image and measures the line breadth of a resist image or an etching image conventionally as the technique of measuring 
line breadth etc. has been used. However, whenever the line breadth of the detailed pattern formed on a silicon wafer in 
connection with short-wavelength-izing of the light source and increase of NA (numerical aperture) of optical system 
follows a year, it has been made detailed in recent years. Consequently, with the latest process technique of cutting 0.25 
micrometers, in the technique of processing a microscope picture image and measuring line breadth, and the technique 
of measuring line breadth using the scattered light from an edge, line breadth does not make business any longer and 
has become. Then, a resist image and an etching image are observed using an electron microscope, and the technique of 
measuring the line breadth is used. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in observation by the electron microscope, and measurement, it is 
the work which requires time and time that a sample must be cut in a suitable size, by having to load with a sample into 
a vacuum housing, etc. Therefore, if the technique of the ability to measure line breadth in the status as it is is 
established, without not destroying, without performing a disconnection of a sample etc. and loading a vacuum housing 
etc. with a sample, the time and time which the decision of the optimum conditions for photo lithography, etching, etc. 
takes will be shortened sharply. Then, this invention makes it a technical probrem to offer the line breadth measuring 
device and technique of measuring easily the line breadth of the detailed line and space pattern with periodic structure. 
[0004] 

[Means for Solving the Problem] In the line breadth measuring device which measures the line breadth of the line of 
each above of the line which is made in order that this invention may solve the above-mentioned technical probrem, 
namely, has arranged two or more lines in the fixed pitch in the fixed orientation, and a space pattern By carrying out 
incidence of the polarization light to the aforementioned pattern, and measuring the polarization status of the reflected 
light from the aforementioned pattern It is the line breadth measuring device characterized by measuring the variation 
of the polarization status of the aforementioned polarization light produced in case it reflects by the aforementioned 
pattern, and measuring the aforementioned line breadth based on the variation of this polarization status. In the line 
breadth measuring method with which this invention measures again the line breadth of the line of each above of the 
line which has arranged two or more lines in the pitch fixed in fixed orientation, and a space pattern By preparing the 
known line breadth pattern for calibration, carrying out incidence of the polarization light to this pattern for calibration, 
and measuring the polarization status of the reflected light from the pattern for calibration as the aforementioned 
pattern The calibration process which measures the variation of the polarization status of the aforementioned 
polarization light produced in case it reflects by the pattern for calibration, and asks for the relation between the 
variation of this polarization status, and the aforementioned line breadth, By preparing the strange pattern for 
measurement of line breadth, carrying out incidence of the polarization light to this pattern for measurement, and 
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measuring the polarization status of the reflected light from the pattern for measurement as the aforementioned pattern 
It is the line breadth measuring method characterized by having the measurement process which measures the variation 
of the polarization status of the aforementioned polarization light produced in case it reflects by the pattern for 
measurement, and asks for the line breadth of the aforementioned strangeness by the variation and the aforementioned 
relation of this polarization status. 

[0005] The principle of this invention is explained below. The cross section of a line and space pattern S, i .e., the 
periodicity structure, is shown in drawing 1 . The period of refractive-index d:pattern S of the medium which 
constitutes the substrate of refractive-index n3:pattern S of the 2nd medium E which constitutes refractive-index 
ne:pattern S of 1 st medium C which constitutes refractive-index nc:pattern S of the medium by the side of the incident 
angle nl incident light of the reflected light thetal incident light from incident-light U2:pattern S to Ul :pattern S in this 
drawing (d**c+e) 

c: It is the height of width-of-face h: 1 st medium C of the width-of-face e:2nd medium E of 1 st medium C, and the 2nd 
medium E. For example, the 1st medium may be a resist, and 1st medium C and the 2nd medium E may be the latent 
images by which the 2nd medium was formed in the resist, and the 1st medium may be a medium by the side of space, 
i.e., an incident light, and the same medium, and the 2nd medium may be a resist. 

[0006] Incidence of the incident light shall be carried out in parallel here to line rectangular cross flat-surface (namely, 
flat surface made from normal and grid vector L of lattice plane of diffraction photon) H which intersects 
perpendicularly with the longitudinal direction of the 1st medium or the 2nd medium. Line rectangular cross flat- 
surface H is in agreement with space in drawing 1 . Moreover, an electric field vector calls polarization perpendicular 
to line rectangular cross flat-surface H s-polarized light, and calls the polarization with an electric field vector parallel 
to line rectangular cross flat-surface H p-polarized light. 

[0007] Having birefringence nature is known for many years, and the periodicity structure with which the two matter C 
and E with which a refractive index which is shown in drawing 1 is different was located in a line by turns is called 
"constitutive-property birefringence (form birefringence)." especially the effective refractive indexs [ as opposed to / 
grid period d is markedly alike compared with wavelength lambda, and / an s-polarized light and a p-polarized light at 
the short periodicity structure ] No and Ne -- each - what is expressed as follows is known (M Born and E Wolf: 
Principles of Optics, Pergamon Press, 1959, 702-705) 
N 0 z =Cc/d)n c 2 +(e/d)n e 2 (la) 

N 2 = (lb) 

e (c/d)n e 2 + (e/d)n c z 

[0008] Since (Ne)2<(No)2 are always materialized irrespective of the situation of the refractive indexes nc and ne of 
two media so that more clearly than the comparison with the above-mentioned (la) formula and a formula (lb), this 
constitutive-property birefringence field becomes negative optically uniaxial optical crystal and negative equivalence, 
the ratio of the wavelength of light [ as opposed to / although there is a difference with a constituent, in order to 
materialize the above-mentioned approximation / a grid period ] - lambda/d is said that it is necessary to be lambda / 
d> 40 (C W Haggans et al. : vol. 10, No. J Opt Soc Am, 10, 2217- 2225, 1993) Although the phenomenon of a 
birefringence was seen also in the periodicity structure which grid period d cannot say is short enough compared with 
wavelength lambda, analysis quantitive to recently was not performed. However, the effective refractive index No in 
the periodicity structure which a grid period cannot say recently is short enough compared with wavelength, Ne The 
simple technique (the EMT method) of searching for was established (). [ R ] C MacPhedran et al.: Oct Acta, vol.26, 
and No.3,289- 312 and 1982; C W Haggans et al.:J Opt Soc Am, vol.10, No.10, and 2217- 2225 and 1993 
[0009] According to this EMT method, the effective refractive indexs No and Ne to an s-polarized light and a p- 
polarized light are given by the following formula. 

2 2 

jtt * + a 

N 2 = 5 9 0 (2a) 
H 2 

N 2 : _E (2b) 

e k o 2 [l-(sin^ 1 ) 2 /N 0 2 ] 



however, alpha0=k0sintheta it is the maximum solution of the characteristic value equation which determines the 
native mode in a grid over the maximum solution muP:p-polarized light of a characteristic value equation which 
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determines the native mode in a grid over the wavelength mus:s-polarized light of the light in a 
, 0=2pi/lambdalambda:incidence side medium 1 k In the limit of d->0 (2a), although a formula (2b) is naturally in 
" agreement with (1 a) and a formula (lb), if it says only within the case where the material which constitutes a 

diffraction grating is a dielectric, it turns out that (2a) and a formula (2b) are the approximations with grid period d 

sufficient in the quite large domain of wavelength lambda and until of the same grade. 

[0010] The result which calculated the effective-refractive-index difference curve (curve showing the relation between 
effective-refractive-index difference No-Ne and the duty ratio e/d of the 2nd medium E) calculated based on the EMT 
method to various wavelength lambda is shown in drawing 2 . The refractive index of the diffraction grating used for 
the calculation is made into nc=L0, ne=1.5, and thetal=0 degree, clear from drawing - as -- the duty ratio e/d of the 
2nd medium - the time of the parvus - refractive-index difference No-Ne --**** although it is small, duty ratio e/d 
increases - it is alike, and it follows and refractive-index difference No-Ne increases And in about [ lambda>3d ], it 
reaches by e/d=0.5-0.6 at the maximum. If refractive-index difference No-Ne begins a decrement and the 2nd medium 
comes to cover the whole grid as duty ratio e/d increases after that, a refractive-index difference will approach 0 again. 
Although not illustrated about a lambda> 5d case drawing, at the lambda> 5d time, it is almost the same as that of a 
lambda= 5d case, namely, is saturated with about [ lambda=5d ] at it. Conversely, if wavelength lambda becomes short, 
the position where effective-refractive-index difference No-Ne becomes the maximum moves to the left-hand side in 
drawing (side with little duty ratio e/d of the 2nd medium), and although it is small, refractive-index difference No-Ne 
becomes large. By using such a wavelength dependency of an effective-refractive-index difference curve, the duty ratio 
e/d of the 2nd medium can be known with a sufficient precision. And generally, since periodic d of a grid is known, in 
this way, it can measure line breadth e with a sufficient precision. 

[001 1] Now, the effective refractive index to an s-polarized light is No, and the line and space pattern S used as a 
device under test have the equivalent effective refractive index to a p-polarized light to the optically uniaxial optical 
crystal which is Ne. Therefore, in the case of an s-polarized light, reflection coefficients rs and rP become the same as 
that of the reflection coefficient of the thin film whose refractive index is No, and in being a p-polarized light, a 
refractive index becomes the same as that of the reflection coefficient of the thin film which is Ne. A definition of the 
amount of many for asking for the reflection coefficient of a thin film is shown in drawing 3 . As shown in this 
drawing, it considers as the angle of the beam of light injected from the angle theta3:thin film of a beam of light which 
passes through the inside of the refractive-index theta2:thin film of an n2:thin film. The meaning of nl and n3 of 
theta 1, and h is the same as that of the time of drawing 1 . 

[0012] When a definition is given as mentioned above, in the case of an s-polarized light, the refractive index n2 of the 
thin film in drawing 3 will be placed if equal to an effective refractive index No, and a reflection coefficient rs is 
expressed to it as follows (M Bornand E Wolf: Principles of Optics, Pergamon Press, 1959, 60-65). 
r _ r 1 5 2 + r^exp(2ig s ) ^ 

n 1 cos0 1 -N o cos^ 2 s N Q cos 0 2 -n 3 cos 03 

r 12 = Jll cos(9 1 -t-N 0 cosd 2 1 r 23~N o cos0 2 + n 3 cos ^3 

however^lfK 1 ^ 



It comes out. 

[0013] In the case of a p-polarized light, the refractive index n2 of the thin film in drawing 3 will be placed if equal to 
an effective refractive index Ne, and a reflection coefficient rP is expressed to it as follows. 

ri P 2 + rjgexp(2i0 p ) 



^ l + r£r£exp(2i0 p ) 



(4) 



N e cos G j — iijcos 8 Z 113COS &2~ N e cos 8$ 

n^cos 0 2 + N e cos $^ 

2n 



however ^ = (¥) N e hco ^2 



It comes out. 

[0014] As mentioned above, when the duty ratio e/d of the 2nd medium E of a line and space pattern S changes, the 
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effective refractive indexs No and Ne of pattern S will change, and, as a result, the reflection coefficients rs and rP of 
pattern S will change. That is, reflection coefficients rs and rP will be influenced of the duty ratio e/d of line breadth 
through effective refractive indexs No and Ne. And change of reflection coefficients rs and rP changes the variation of 
the polarization status given in case of the reflex by the line and space pattern S. Therefore, by knowing the 
polarization status of an incident light and the reflected light, the variation of the polarization status of the polarization 
light produced in case it reflects by pattern S can be known, and duty ratio e/d can be known from this variation. 
[0015] 

[Embodiments of the Invention] The gestalt of operation of this invention is explained. Drawing 4 and the drawing 5 
show the 1st example of the line breadth measuring device by this invention. In the mode shown in drawing 4 , in order 
to set the incident angle theta 1 of an incident light Ul to thetal=0, therefore to separate an incident light Ul and the 
reflected light U2, beam-splitter B is used. On the other hand, in the mode shown in drawing 5 , the incident angle theta 
1 of an incident light Ul is set to thetal !=0, therefore beam-splitter B is not used. Other content is the same in both 
modes. The light from light source K penetrates polarizer P, and it is carrying out incidence to a line and space pattern 
S. As light source K, what emits long wave length lambda a little is used rather than pitch d of pattern S, of the same 
grade, or pitch d, therefore this pattern S serves as the "zero-order diffraction grating" which diffracted light except 
zero-order does not generate. Moreover, the orientation of the flux of light which carries out incidence to pattern S is 
orientation parallel to line rectangular cross flat-surface H (flat surface parallel to space) which intersects 
perpendicularly with each line of pattern S. Moreover, as the azimuth of the transparency shaft Px of polarizer P is 
shown in drawing 6 (a), it is set up in the 45-degree orientation to line rectangular cross flat-surface H, therefore the 
incident light Ul to pattern S is the linearly polarized light with the equal complex amplitude of s component and p 
component, as shown in drawing 6 (b). Henceforth, the angle within an s-p flat surface is carried out on the basis of the 
orientation of s. 

[0016] After the reflected light U2 from a line and space pattern S penetrates 1 / 4 wavelength-plate Q arranged free 
[ the rotation to the circumference of an optical axis ], and analyzer A arranged it is the same and free [ the rotation to 
the circumference of an optical axis ] in the order, incidence of it is carried out to light-sensitive-cell D. Although the 
zero-order diffracted light reflected from pattern S generally turns into an elliptically polarized light as shown in 
drawing 6 (c), it is asked for the main shaft azimuth psi and ovality tanchi as follows. That is, the output of light- 
sensitive-cell D is measured, rotating 1 / 4 wavelength-plate Q, and analyzer A, the quenching status that the output of 
light-sensitive-cell D is set to 0 is realized, and it is asked for main shaft azimuth psi and ovality tanchi of the reflected 
light from angle-of-rotation psi+chi**pi/2 of the transparency shaft Ax of angle-of-rotation psi of the neutral shaft Qx 
of 1/4 wavelength plate at this time, and an analyzer. Since main shaft azimuth psi and ovality tanchi of this reflected 
light change according to the duty ratio e/d of the 2nd medium E of pattern S, the duty ratio e/d of the 2nd medium will 
be calculated by asking for the main shaft azimuth and ovality of the reflected light. Hereafter, suppose that a Jones 
vector is used and the polarization status is expressed for quantification. 

[0017] Although the incident light Ul which carries out incidence to a line and space pattern S is the linearly polarized 
light to which 45 degrees of electric field vectors inclined to line rectangular cross flat-surface H, this is expressed like 
a formula (5) using a Jones vector. 

».-(!) (5) 

Moreover the polarization property of pattern S is expressed like a formula (6) using a Jones matrix. 

-M 

However, it is the reflection coefficient of the line to rs:s-polarized light, the line to the reflection coefficient rP:p- 
polarized light of space pattern S, and space pattern S. 

[0018] The polarization status U2 of light reflected from a line and space pattern S becomes like a formula (7) from (5) 



U 2 =SU X = 





["■'•"'1 




llr p le p j 



(7) 



However, it is the phase of the p-polarized light to the phase deltap: reference state of the s-polarized light to a 
deltas:reference state. 

[0019] the polarization status of this reflected light is shown in drawing 6 (c) ~ as - general - an elliptically polarized 
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light it is - the ratio of azimuth psi of the main shaft, the major axis of an ellipse, and a minor axis -- it is asked for 
tanchi from an each degree type (M Born and E Wolf: Principles of Optics, Pergamon Press, 1959, 24-27) 
* tan2¥ = (tan2a)co3 6 

tan2 x = (sin2a) sin d 

tana = I r p I / I r s I 
however p s 

It comes out. 

[0020] The thing for which the polarization status is expressed with X-Y coordinate system which made the X-axis in 
agreement with orientation [ of a main shaft ] psi of this ellipse, then the polarization status U2 of the reflected light are 
expressed like (8) formulas. 

«*-(!,) C8) 

a = 7 I r p I 2 + |r s l 2 co S x 

however b = ^ r p |2+|r s |2sin * 
It comes out. 

[0021] On the other hand, as shown in drawing 6 (d), the Jones matrix of 1 / 4 wavelength-plate Q which set the phase 
leading shaft Qx by the X-axis (namely, main shaft azimuth psi) is expressed with X-Y coordinate system like (9) 
formulas. 

«-(;.,) 

Therefore, as shown in drawing 6 (e), the polarization status of the light U3 after passing 1 / 4 wavelength-plate Q is 
expressed like (10) formulas using (8) and (9) formulas. 
u 3 = QU 2 = Q do) 

[0022] It means that this is linearly polarized light which vibrates in the chi=tan-l (b/a) orientation in X-Y coordinate 
system. Therefore, if the azimuth of the transparency shaft Ax of analyzer A is set as psi+chi**pi/2 as shown in 
drawing 6 (f), the quantity of light which passes analyzer A is set to 0, and can realize the quenching status. From the 
angle of rotation of 1 / 4 wavelength-plate Q which should rotate in order to realize the quenching status, and analyzer 
A, azimuth psi and ovality tanchi of a main shaft of an elliptically polarized light can be known, respectively, namely, 
the polarization status U2 of the reflected light can be known. On the other hand, since the polarization status Ul of an 
incident light is known, from both the polarization status Ul and U2, the polarization property of a line and space 
pattern S can be known, namely, the reflection coefficients rs and rP of pattern S can be known, and, as a result, it will 
be asked for the duty ratio e/d of the 2nd medium of pattern S. 

[0023] The result which calculated psi and chi is shown in drawing 7 to various duty ratio e/d. Calculation conditions 
are set to lambda= 2d, h= O.ld, thetal=0 degreenl=nc=1.0, and ne=n 3= 1.5. The white round head at the right end of 
curved corresponds to e / d= 2%, and the white round head with which a left end white round head corresponds and 
continues to e / d= 98% serves as ****** 2%. 

[0024] Line breadth measurement **** creates the calibration curve showing the relation between psi, chi, and the duty 
ratio e/d which are first shown in drawing 7 . When the cross-section configuration of a diffraction grating is simple, a 
calibration curve can be created using the EMT method described here. However, when it has a more complicated 
cross-section configuration, you may already create a calibration curve experimentally using the ************** 
sample of line breadth with the polarization analysis equipment shown in the drawing 4 or the drawing 5 . After an 
appropriate time, line breadth measures angle-of-rotation psi+chi**pi/2 of angle-of-rotation psi of the neutral shaft (a 
phase leading shaft or lagging axis) of 1/4 wavelength plate in the quenching status, and the transparency shaft of an 
analyzer using the polarization analysis equipment shown in the drawing 4 or the drawing 5 to a strange sample. Line 
breadth asks the last for duty ratio e/d from measured-value psi to a strange sample, and chi using the already created 
calibration curve. Generally, since pitch d of a grid is known, in this way, it can calculate line breadth e. In addition, a 
calibration curve may be saved in numerical type and may be saved in the type of a formula. 

[0025] In order to know duty ratio e/d, psi and chi are ************ S o that more clearly than drawing 7 . Therefore, if 
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both psi and chi are known, although the accuracy of measurement of duty ratio e/d naturally goes up, it can also ask 
for duty ratio e/d only from one of psi and chi. The calibration curve for asking for duty ratio e/d from angle-of-rotation 
# [ of 1 / 4 wavelength-plate Q ] psi is shown in drawing 8 . Calculation conditions are the same as that of the case of 
drawing 7 . In addition, in the calibration curve of the drawing 8 which plotted the relation between psi and e/d, two e/d 
may exist to the same psi, therefore the precision of e/d falls a maximal value or near a minimal value a calibration 
curve. On the other hand, if the calibration curve which plotted the relation between chi and e/d is used, it will be lost 
that two e/d exists to the same chi so that more clearly than drawing 7 . In addition, it is desirable to use a calibration 
curve by which the value of e/d assumed comes to the location where the inclination of a calibration curve is the 
steepest clearly. 

[0026] Moreover, since psi and chi are ************ s i n order to know duty ratio e/d, the thing showing the azimuth 
of the orientation' (quenching shaft) which intersects perpendicularly with psi+chi, i.e., the transparency shaft of an 
analyzer, and the relation with duty ratio e/d can also be used for them, for example as a calibration curve. The 
calibration curve for asking for duty ratio e/d from psi+chi is shown in drawing 9 . Calculation conditions are set to 
lambda= 4d, h= O.ld, thetal=0 degreenl=nc=1.0, and ne=n 3= 1.5. When using the calibration curve shown in the 
drawing 8 or the drawing 9 , it is desirable to measure the line breadth of the line which line breadth tends to create a 
calibration curve using a known sample, and tends to measure using the calibration curve, and a space pattern. 
[0027] Next, the 2nd example is explained. The polarization status of an elliptically polarized light is determined by 
two (removing hand of cut of elliptically polarized light) parameters psi, and chi. In the 1st above-mentioned example, 
it considered as the configuration which can ask for two above-mentioned parameters psi and chi also with both sides 
by arranging 1 / 4 wavelength-plate Q, and analyzer A free [ both rotations to the circumference of an optical axis ], 
and realizing the quenching status. However, in order [ both ] to know duty ratio e/d like previous statement, it is not 
necessary to know two parameters psi and chi, and even what or one parameter which determines the polarization 
status of an elliptically polarized light should just be known. Then, in this 2nd example, 1 / 4 wavelength-plate Q is 
fixed to a suitable angle (angle from which the quenching status is generally attained for duty ratio by e / d= 0.5), and it 
is considering as the configuration which only analyzer A rotates. That is, except for the point that 1 / 4 wavelength- 
plate Q is being fixed, since it is the same as that of the drawing 4 or the drawing 5 , illustration of this 2nd example is 
omitted. And analyzer A is rotated and it asks for duty ratio e/d from angle of rotation of analyzer A from which the 
amount (namely, output of detector D) of transmitted lights serves as the maximum (or minimum). The result which 
calculated angle-of-rotation theta of the analyzer with which the amount of transmitted lights serves as the maximum is 
shown in drawing 10 to e/various d. Calculation conditions are lambda^ 2d ( drawing 10 (a)) and lambda= 3d ( drawing 
10 (b)). 

It is referred to as h= O.ld, theta 1=0 degreenl=nc=1.0, and ne=n 3= 1.5. 

[0028] Next, the 3rd example is explained. In this 3rd example, analyzer A is fixed to a suitable angle (angle from 
which the quenching status is generally attained for duty ratio by e / d= 0.5), and it is considering as the configuration 
which only 1 / 4 wavelength-plate Q rotates. That is, except for the point that analyzer A is being fixed, since it is the 
same as that of the drawing 4 or the drawing 5 , illustration of this 3rd example is omitted. And 1 / 4 wavelength-plate 
Q is rotated, and it asks for duty ratio e/d from angle of rotation of 1 / 4 wavelength-plate Q from which the amount 
(namely, output of detector D) of transmitted lights serves as the maximum (or minimum). In addition, it is good as 
another example also as a configuration which rotates 1 / 4 wavelength-plate Q, and analyzer A as one. 
[0029] Next, the 4th example is explained. Like previous statement, in order to know duty ratio e/d, even what or one 
parameter which determines the polarization status of an elliptically polarized light should just be known. Therefore, 
when the light U2 reflected from a line and space pattern S is close to the linearly polarized light, 1 / 4 wavelength- 
plate W can be omitted, and it can consider as the configuration which prepares only analyzer A which can rotate to the 
circumference of an optical axis. And analyzer A is rotated and it asks for duty ratio e/d from angle of rotation of the 
analyzer with which the amount of transmitted lights serves as the maximum (or minimum). In addition, all the 
calibration curves shown in drawing 7 - view 10 have a wavelength dependency so that (b) may regard as (a) of 
drawing 10 . In order to measure line breadth with a sufficient precision, it is important that a calibration curve chooses 
the wavelength which changes in a suitable size to change of duty ratio e/d. 

[0030] In each above example, as the azimuth of the transparency shaft Px of polarizer P was shown in drawing 6 (a), it 
is set up in the 45-degree orientation to line rectangular cross flat-surface H, therefore the incident light Ul to a line and 
space pattern S had turned into the linearly polarized light with the equal complex amplitude of s component and p 
component, as shown in drawing 6 (b). However, in order to know the reflection coefficients rs and rP of pattern S, the 
polarization status Ul of an incident light and the polarization status U2 of the reflected light should just carry out 
understanding. Therefore, the angle to line rectangular cross flat-surface H of the transparency shaft Px of polarizer P 
does not necessarily need to be 45 degrees. Furthermore, since an incident light does not necessarily need to be the 
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linearly polarized light, it does not necessarily need to arrange polarizer P. 

[003 1] Moreover, the polarization status of the reflected light was measured in each above-mentioned example, having 
set the polarization status of an incident light Ul as constant. However, the polarization status Ul of an incident light 
can also be made adjustable. That is, drawing 1 1 shows the 5th example, carries out incidence of the flux of light from 
light source K to a line and space pattern S through polarizer P, and 1 / 4 wavelength-plate Q, and carries out incidence 
of the reflected light from pattern S to light-sensitive-cell D through analyzer A. And polarizer P, and 1 / 4 wavelength- 
plate Q arrange possible [ the rotation to the circumference of an optical axis ], respectively, and angle of rotation of 
polarizer P of the status that the quenching status is realized in detector D, and 1 / 4 wavelength-plate Q is measured. 
The variation of the polarization status given in case of the reflex by pattern S by this configuration can be measured. 
[0032] Moreover, since even one parameter should just be known to some extent among the variations of the 
polarization status given in case of the reflex by pattern S, polarizer P can be fixed, and rotation of only 1 / 4 
wavelength-plate Q can be enabled, or rotation of only polarizer P can be enabled at the reverse, and 1 / 4 wavelength- 
plate Q can also be fixed. Moreover, rotation can also be made free, being able to use polarizer P, and 1 / 4 wavelength- 
plate Q as one, 1 / 4 wavelength-plate Q can be deleted, and rotation of polarizer P can also be enabled. 
[0033] In the old example of a calculation, although it assumes that the diffraction grating is made of a dielectric, in the 
semiconductor integrated circuit, various kinds of thin films not only including a dielectric but the metal are used. Also 
in the periodicity structure which consists of these thin films, since the characteristic value equation to an s-polarized 
light differs from the characteristic value equation to a p-polarized light originally, as for the maximum solution (an 
effective refractive index is determined by this maximum solution) obtained from each characteristic value equation, 
differing is common. From this, a thin film material will not be involved how, but birefringence nature will always 
exist in the periodicity structure, and the effective refractive index will have a line breadth dependency. 
[0034] Furthermore, in the old example of a calculation, the diffraction grating with the cross-section configuration of a 
rectangle which is shown in drawing 1 is assumed. However, in the periodicity structure created using semiconductor 
lithography technique, it is rare to have the cross-section configuration of such a rectangle. Under such status, an 
effective refractive index cannot be expressed in (2 a) and the simple type like a formula (2b). Even if it is in such a 
case, when periodicity is in structure, a constitutive-property birefringence will surely exist, and the effective refractive 
index will have a line breadth dependency. From these arguments, the material of the periodicity structure and a cross- 
section configuration are not involved how, but by applying the polarization analysis described here shows that line 
breadth measurement is attained. 
[° 035 ] 

[Effect of the Invention] Since actual measurement can moreover be performed in the atmospheric air, without 
destroying a sample once a calibration curve is made although the work which creates the calibration curve which 
connects various measurands and line breadth as a pre-setup of measurement is needed as mentioned above according 
to the line breadth measuring device and technique by this invention, the time of the line breadth measurement which is 
the credit of time and is required will be shortened sharply. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Prawing 1] Drawing of longitudinal section showing a line and a space pattern 

[Drawing 21 Explanatory drawing showing the dependency over the duty ratio and wavelength of an effective- 
refractive-index difference 

Prawing 3] The cross section showing a thin film equivalent to a line and a space pattern 
Prawing 4] The block diagram showing the line breadth measuring device by the 1st example 
Prawing 5] The block diagram showing another mode of the 1st example 
Prawing 6] Inside [ of the drawing 4 and the drawing 5 ], a-a line, - f-f line view view 

Prawing 7] Drawing showing the dependency over the duty ratio of the polarization property of the reflected light 
from a line and a space pattern 

prawing 81 Drawing showing the dependency over the duty ratio of the azimuth of the quenching shaft of the analyzer 
in the quenching status 

Prawing 91 Drawing showing the dependency over the duty ratio of the azimuth of the phase leading shaft of 1/4 
wavelength plate in the quenching status 

Prawing 101 Drawing showing the dependency over the duty ratio of the azimuth of the transparency shaft of the 

analyzer in the status that the amount of transmitted lights serves as the maximum 

Prawing 111 The block diagram showing the line breadth measuring device by the 5th example 

Pescription of Notations] 

K - Light source P - Polarizer 

Px - Transparency shaft B - Beam splitter 

Ul -- Incident light S - A line and space pattern 

U2 -- Reflected light Q -- 1/4 wavelength plate 

Qx - Phase leading shaft A - Analyzer 

Ax ~ Transparency shaft D -- Light sensitive cell 

H -- Line rectangular cross flat surface 



[Translation done.] 



